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EXECUTIVE SUMMARY
A retrospective study of the remediation of Lower East Fork Poplar Creek (LEFPC) in Oak Ridge, Tennessee was completed. The purpose of the study was to determine the cost of the chemical analysis required by the LEFPC remediation project, to ascertain the steps the project took to provide the required chemical analysis services, and how other project costs were impacted as a result of how the chemical analysis services were provided.
The study was conducted by reviewing the public Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) record documents associated with the remediation of LEFPC and through discussions with the project staff involved or familiar with the project.
LEFPC originates in the Y-12 Plant and flows through the city of Oak Ridge for about 14.5 miles until it joins Poplar Creek just north of the East Tennessee Technology Park (formerly the K-25 Site). The watershed of LEFPC is approximately 30 mile2 and includes portions of the DOE-Oak Ridge Reservation, and commercial, residential, and agricultural use areas.
The creek and its floodplain were contaminated by releases from the Y-12 Plant. Mercury was the primary contaminant of concern. It has been estimated that between 239,000 and 470,000 lbs of mercury were released into the creek. Although other heavy metals and some organic compounds were found during the remedial investigation, these were present in much smaller quantities. The contamination was located in the 1 00-year floodplain, which encompasses approximately 670 acres.
The remediation took place in two phases. The first phase involved the excavation of about 5,560 yd3 of soil at the National Oceanic and Atmospheric Administration (NOAA) site about 1 mile north of the Y-12 Plant in 1996. The second phase involved the excavation of 39,200 yd3 at another NOAA site and at the Bruner site, located about 6 miles downstream from the N O M site, in 1997. The total area remediated was about 19 acres.
The cleanup cost for LEFPC was $7.1 million. The total cost of the LEFPC project was $25.7 million; about $18.6 million was spent meeting the requirements of the CERCLA process. The entire project took 7 years.
The project obtained special regulatory approval to use two methods for the determination of mercury in soils that are not part of the U.S. Environmental Protection Agency SW-846 methods manual.
For the entire project (remedial investigation through cleanup) a total of 7708 samples (1 sample for each 5.8 yd3 of soil remediated) were analyzed for mercury. The mercury analysis cost was $678,000, which represents 2.6% of the total project cost and 9.6% of the cleanup cost.
During the cleanup phase of the project, an on-site laboratory was used. The estimated cost savings that the on-site laboratory provided fall into two categories: direct reduction of costs associated with chemical analysis and sample shipment totaling approximately $38,000, which represents a 5.3% savings relative to the estimated cost of using an off-site laboratory, and 0 savings in the amount of $890,000 (12.5% of the $7.1M cleanup cost), associated with expediting execution of the cleanup work by providing rapid (< 3 hours) sample result turnaround time.
Given the current state of the art of field-deployable chemical laboratories and the regulatory acceptance of field screening methods, LEFPC project managemlznt could not have achieved any additional cost savings for chemical analysis.
The study indicates that the availability of automated chemical analysis systems that meet regulatory requirements and that can be deployed in the field I(e.g., Chemical Analysis Automation type technology) could have provided an additional savings of $443,000 (the difference between the actual cost and the projected cost for deployment of an on-site laboratory during the remedial investigation and cleanup phases). The study also indicates that the total savings that automated fielddeployable analysis systems would have provided, compared with the conventicml approach of sendug all samples to an off-site laboratory, was about $1.3 million (the sum of estjunated savings provided by full field deployment of automated analysis systems, $443,000, and by expediting the cleanup, $890,000); a savings of 18% of the cleanup cost.
The manner in which the analyt~cal chemistry services were procured by the LEFPC project suggests several important development considerations for the U.S. Department of Energy's Chemical Analysis Automation project. First, because the largest cost saving is associated with expediting the actual cleanup work, the automated chemical analysis systems must be site deployable and must provide rapid sample result analysis turnaround times commensurate with the specific cleanup work activities; generally, this would be less than 24 hours. Second, the pedormance of the automated analysis systems must meet the relevant state and federal regulatory requirements. Third, the automation system must be flexible and adaptable to facilitate the introduction of new chernical analysis methodology. Fourth, the automation technology must be robust and reliable. Finally, the automated systems must be implemented in a manner acceptable to the environmental remdiation business. The results from a recent technology demonstration (Development Testing of the Chemical Analysis Automation Polychlorinated Biphenyl Standard Analysis Mehtod During the Surface Soil Sampling at the David Vitherspoon 1630 Site, " ORNLJTM-13590, February 1998) show that the CAA project is addressing each of the items.
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ABSTRACT
A retrospective study of the remediation of Lower East Fork Poplar Creek (LEFPC) in Oak Ridge, Tennessee was completed. The study was conducted by reviewing the public Comprehensive Environmental Response, Compensation, and Liabillty Act record documents associated with the remediation of LEFPC and through discussions with the project staff involved or familiar with the project. The remediation took place in two phases. The first phase involved the excavation of about 5560 yd3 of soil at the National Oceanic and Atmospheric Administration (NOAA) locations in 1996. The second phase involved the excavation of 39,200 yd3 at another N O M location and at the Bruner location in 1997. The cleanup cost for LEFPC was $7.1 million. For the entire project (remedial investigation through cleanup), a total of 7708 samples (1 sample for each 5.8 yd3 of soil remediated) were analyzed for mercury. The project obtained special regulatory approval to use two methods for the determination of mercury in soils that are not part of the Resource Conservation and Recovery Act SW-846 methods manual. The mercury analysis cost was $678,000, which represents 9.6% of the cleanup cost. During the cleanup phase of the project, an on-site laboratory was used. The estimated cost savings that the on-site laboratory provided fall into two categories: direct reduction of costs associated with chemical analysis and sample shipment totaling approximately $38,000, which represents a 5.3% savings relative to the estimated cost of using an off-site laboratory, and savings in the amount of $890,000 (12.5% of the $7.1M cleanup cost), associated with expediting execution of the cleanup work by providing rapid (< 3 hours) sample result turnaround time.
Given the current state of the art of field-deployable chemical laboratories and the regulatory acceptance of field screening methods, LEFPC project management could not have achieved any additional cost savings for chemical analysis.
The manner is which the analyt~cal services were procured for the LEFPC project suggest that the development of new chemical analysis technology must address deployment, performance, regulatory, robustness, reliability, and business appropriateness factors if the technology is to be used in environmental remediation. The creek and its floodplain have been contaminated by releases from the Y-12 Plant. Mercury was the primary contaminant of concern. It has been estimated that between 239,000 and 470,000 Ibs of mercury were released into the creek. Releases from plant operations stopped in 1963, but mercury continues to be released into the creek from secondary contaminated sources, such as building drain systems and sewers.
BACKGROUND INFORMATION ON LOWER EAST FORK POPLAR CREEK
The current release averages approximately 20 gram per day. Although other heavy metals and some organic compounds were found during the remedial investigation, these were present in much smaller quantities. The contamination was located in the 100 year floodplain, which encompasses approximately 670 acres. The remediation of LEFPC was completed under the requirements defined by the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).
PURPOSE OF STUDY
The purpose of the retrospective study was to determine the cost of the chemical analysis services required by the project, ascertain the steps the project took to provide the required chemical analysis services, and how other project costs were impacted as a result of how the chemical analysis services were provided. From the analysis of the data, projections are made related to the potential additional cost savings that could have been provided by fielddeployable automated chemical analysis systems that meet all regulatory requirements.
The study was conducted by reviewing the public record documents associated with the remediation of LEFPC and through discussions w i t h the project staff involved or familiar with the project.
REMEDIAL INVESTIGATION PHASE
The remedial investigation' was conducted in three phases. Field sampling, laboratory analysis, and data evaluation began in autumn of 1990 and continued through the summer of 1992; a field study of wetlands occurred in September and October 1993.* All of the laboratory work and the reporting of laboratory data were performed under the U. S . Environmental Protection Agency (EPA) Contract Laboratory Program (CLP) or approved equivalent. Phase Ia was designed to determine the nature of lhe contamination and to identify the contaminants of potential concern. More than 500 surface water, creek sediment, and surface and subsurface soil samples were taken along the watershed and at a noncontaiminated reference site. These samples were analyzed for 182 inorganic, organic, and radionuclide analytes, as well as geotechnical parameters and soil chemistry related to treatability stuhes. As a result of the Phase Ia studies, 12 groundwater monitoring wells were installed. A total of 22 monitoring wells were sampled quarterly to characterize the groundwater quality and hydrogeology of the floodplain.
"
Phase Ib expanded the soil and sediment sampling. Begun in the summer of 1991, Phase Ib was designed to establish the extent and level of contaminants of potential concern (COPC). The Phase Ib sampling plan involved the identification of transects across the floodplain at 100-m intervals along the entire length of the creek; a total of 159 transects were required. Soil samples were taken along each transect at 20-m spacings from the creek bank to the elevation of the 100 year floodplain. Stream sediment samples were taken at odd-number transects. Subsurface soil samples wcre taken to a depth of 4 Et. More than 3400 samples were taken during Phase Ib. The number of samples tak.en during Phase Ia and Ib is summarized in Table 1 . Phase Ib relied upon neutron activation analysis (MA), a non-CLP method. Data quality objectives for NAA were established to meet the precision and accuracy of CLP methods, except for the method detection limit. The NAA method detection limit for the LEI?PC floodplain soils was 11 ppm. EPA granted special approval for the use of NAA in this remedial investigation.
The data from the remedial investigation showed a. large number of COPCs in all LEFPC media. The COPCs included 13 heavy metals, 9 polycyclic aromatic hydrocarbons (PAHs), 2 polychlorinated biphenyls (PCBs), and 1 1 radionuclides. For the heavy metals, mercury was by far the most sigmficant contributor, with 3 5 % of the total toxicity. For the radionuclides, total uranium accounted for 98% of the total activity. The COPCs in the soil and sediments were identical. The COPCs for groundwater were similar, except that silver was not detected, and PiuE and PCBs were not significant. Surface water under baseline flow conditions had no COPCs; all the metals and organics detected were below the Safe Drinking Water Act maximum contaminant levels and met the federal water quality criteria for the protection of freshwater organisms.
Studies related to mercury speciation and a special field investigation related to wetlands were conducted and reported as an addendum to the remedial investigation report.
During the wetland invcstigation, samples were taken from trees (core samples), soils, vegetation, afllfnals (crayfish, frogs, toads, shrews and salamanders), fish (stonerollers and stripped shiners), and periphyton (the primary food source of stonerollers). These samples were analyzed for total mercury and PCBs. A tota1 of 250 samples were collected as part of the wetland investigation.
Considerable effort was spent determining the predominate forms of mercury in the soil. Because the solubility, mobility, toxicity, and biological uptake of mercury are highly dependent on its form, or species, this effort was critical to the human and ecological health assessment activity. For example, methylmercury is highly toxic and readdy absorbed by organisms, while mercury sulfide is relatively nontoxic and has minimal biological uptake. The result of this effort was the determination that mercury sulfide and metallic mercury are the predominate forms of mercury in LEFPC soils. Approximately 85% of the mercury is present as mercury sulfide. Direct analysis for methylmercury showed that it was present at less than 8 PPb.
A geostatistical method was used to estimate the volumes of soils contaminated at the 50-and 200-ppm levels as a function of soil depth. The results are summarized in Table 2 . Risk assessment is an essential element of a remedial investigation. A baseline risk assessment (BRA) is conducted to assess site conditions in the absence of remedial actions. The primary objectives of the BRA are to determine whether there is an "imminent and substantial" endangerment to human health and ecological receptors based on current and future exposure potential. The determination of the need for site remediation and a remediation goal option are the outcomes of the BRA process.
The BRA studies showed that the contaminant levels in the floodplain shallow groundwater exceeded the EPA target risk values throughout the floodplain. The floodplain soils posed a risk of adverse health effects that exceeded the EPA target risk values at six locations. The risk was primarily due to mercury, and the exposure pathway was ingestion. Since no one was using the groundwater from the floodplain as a source of dnnlung water, or is likely to do so in the future because all residents are provided with city water, ingestion of LEFPC groundwater was not considered a substantial risk to human health. However7 the inadvertent ingestion of floodplain soils, particularly by children, was considered a substantial health risk. The remediation goal option identified for mercury in the floodplain soil was 200 ppm.
FEASIBILITY STUDY PHASE
The EPA requires that remedial action be protective of human health and the environment by eliminahg, reducing, and/or controlling the risks identified during the remedial investigation. Potential general actions include no action, institutional actions, containment, removal, treatment, disposal, and beneficial use. Seven site-wide alternatives (SWA) for LEFPC were iderltified during the feasibility study phase.3 SWA 1. This is the No Action alternative. This alternative provided the baseline for comparing the other alternatives. Under this alternative, environmental monitoring along with a 5-year periodic review was proposed. Residuals from the treatment process would be temporarily stored for transport to an approved off-site disposal facility. Cost estimates for each of these alternatives are summarized in Table 3 . 
RECORD OF DECISION PHASE
The Remedial Investigation Report concluded that a remdation goal of 180 ppm mercury was required to protect human health. During the record of decision4* (ROD) process, SWA 3 was selected as the remedy that addresses the human health and ecological threats. During the ROD process, the remediation goal option (RGO) was changed from 180 ppm mercury to 400 ppm mercury for the protection of human health, and the ecological RGO was set at 200 pprn mercury (rounded up from 180 ppm mercury). A risk management decision was made during the ROD process not to remediate soil containing 400 ppm mercury, as doing so would destroy more habitat have been than would have benefitted from remediating to 200 ppm mercury. A 5-year ecological monitoring plan was implemented to ensure that the ecosystem was not adversely affected by an RGO of 400 ppm mercury. Input from the public during the comment period resulted in a change in the bioavailability factor from 30% to IO%, which translated into the higher remediation goal. The change in the bioavailability factor was based upon the fact that the BRA used data for mercury chloride, a much more soluble and reactive form of mercury, instead of mercury sulfide because the only information available was for mercury chloride. This change in remediation goal decreased the estimated amount of soil to be excavated, reduced the number of areas needing remediation from six to two, and lowered the estimated remediation cost by $30 million. Table 4 summarizes the planning cost estimate of the selected remedy. The cost of the chemical analyses required to support the actual remediation was lumped into the cleanup category. The operating and maintenance category includes the cost of operating and maintaining the landfill leachate storage system and the post-remetfiation monitoring of the floodplain for 5 years.
L
The ROD process resulted in the development of a confirmatory sampling plan as well as an additional preremediation sampling effort to more fully delincate the 400 ppm contamination boundaries. John Lea stated that approximately 400 soil samples were collected to define the 400 ppm contamination contours.6
The ROD process also added the requirements that the excavated areas be backfilled with clean soil to restore the original land contours, the excavated aneas be revegetated, , and a post-remediation monitoring program be instituted to insure the effectiveness of'the remediation.
The section of the ROD report dealing with implementability it is states that the low-temperature thermal desorption process (SWAs 4 and 5 identified in thc Feasibility Study Report) was judged to be the hardest part of the plan to implement because "the full scale effectiveness and implementability have not been proven. " However, the report states "that Iow-temperature desorption is an EPA-accepted, best demonstrated available technology, effective in removing mercury from LEFPC-soils in bench-scale and pilot tests."
REMEDIAL DESIGN PHASE
The remedial design' was based upon the project's ROD report, which selected SWA 3 of the feasibility study. The remediation design plan stated that the iremediation would be done in two phases. The first phase involved the excavation of soil at the National the contarmnated soil will be excavated and disposed of it in an approved landfill, the excavated areas will be backfilled to restore the original land contours, and the excavated areas will be revegetated; sediment, surface water, soil, and organisms will be monitored for five years after the remediation is completed; and about 1.5 acres of the contaminated area is classified as wetlands.
REMEDIATION PHASE
A confirmatory sampling and analysis plan' for LEFPC was developed and implemented during the remediation. The areas to be excavated were divided into excavation confirmation units (ECUs) of 2500 fi?.
A perimeter confirmation unit (PCU) was defined at the borders of the excavated areas; the PCU extended outward 10 fl fiom the ECUs. To determine the number of samples to be taken in each ECU, 74 randomly selected samples were taken fiom areas outside the PCU to obtain estimates of the statistical parameters for the sampling model. Using the remedial action design goal that all contamination would be removed at the 95% confidence level, the results of the confirmatory sampling design yielded four samples per ECU.
Sample points within each ECU were determined by a random process. Interseding grid lines were placed at intervals of 5 ft on each ECU, and a random number method was used to select the sample grid points.
The location of each sample was recorded in the project database.
Screening core samples were taken over a depth of 2 to 8 in. and analyzed by the on-site laboratory. These samples were used only to guide the excavation. The confirmatory sample was a 16-in.-deep core that was dried, composited over the core depth, split, and analyzed. The confirmatory samples were analyzed by the on-site laboratory. Based upon the quality assurance (QA) plan for the confirmatory sampling and analysis activities, the total number of samples generated by the remediation was 1438. The total number of soil samples analyzed during the remediation was more than 30006, which includes approximately 1800 samples required to meet the landfill waste acceptance criterion. The breakdown by sample type is summarized in Table 5 . Because excavation and work areas were within the 100 year floodplain of LEFPC, soil erosion and sediment control measures and a hazardous waste management program had to be implemented. A water treatment unit was placed on the site to decontaminate the water before discharge. Remediation of LEFPC was completed in September 1997. The total volume of soil remediated was 44,760 yd3, which was 66% more than the estimated amount used in the remedial design. The total area remedated was about 19 acres.
The remediation cost of LEFPC was $7.1 million, approximately 59% of the cleanup estimate shown in Table 4 . The total cost of the LEFPC project was approximately $25.7 million. About $18.6 million was spent meeting the requirements of the CERCLA process; this cost is not included in the data shown in Table 4 . The entire process took 7 years.
.
BASELINE AND POST-REMEDIATION PHASE
The post-remediationg monitoring will not be done to monitor human health; rather, it will be done to assess the impact upon the ecological receptors. Ten measurement endpoints were identified for the postremediation monitoring:
the total mercury and methylmercury in earthworms taken from the'LEFPC floodplain; total mercury and methylmercury in starling nestlings obtaining their primary diet fiom the LEFPC floodplain; the fertility and viability of starlings; 0 total mercury and methylmercury in fish that are eaten by predators; 0 toxicity of LEFPC sediment to sedimmt-dwelling organisms relative to a reference site and to a laboratory control; 0 toxicity of LEFPC surface water to aquatic biota relative to a reference site; total mercury and methylmercury in surface water; the abundance, frequency, and distribution of wetland species in the restored wetland areas; 0 duration of soil saturation or inundation during the growing season; and 0 if the earthworm population declines, then the toxicity of the floodplain will be evaluated.
Based upon the frequency of the sampling activities and the number of locations, this measurement endpoint plan will result in the submission of about 400 samples annually for total mercury and methylmercury determinations.
The presence of any groundwater wells in the LEFPC floodplain will be reported to the Department of Energy and mitigating actions taken, if necessary. 
CHEMICAL ANALYSIS COST SCENARIOS
This section summarizes three cost scenarios. The first scenario attempts to reconstruct the actual chemical analysis costs. The second constructs an alternative involving the use of an off-site laboratory for all the chemical analyses. The third constructs an alternative involving the maximum use of an on-site laboratory for all the chemical analyses. This approach was taken because a key premise related to the deployment of the Chemical Analysis Automation'o~"3'2 (CAA) technology is its co-location at a remediation site to provide rapid turnaround of results and to avoid costs associated with the shipment of samples to an offsite laboratory. In all cases, it is assumed that 10% of the samples would be split and sent to a second independent laboratory to provide a QA check of the on-site laboratory. The use of an independent laboratory ensures that the data quality objectives defined for each phase of the CERCLA process have been met and are defensible.
It is important to note that the LEFPC project took steps to reduce the cost of chemical analysis. The project used an on-site laboratory during the actual remediation. The LEFPCproject also developed and acquired EPA approval for the use of a chemical methodl3 that was less costly than the method speciJied in the EPA SW-846 manual. l4 In the cost scenarios, a value was not included for the development of the new method or for the cost of acquiring the approval for its use.
Because mercury was the contaminant of concern in LEFPC, the scenarios only address the mercury analysis cost. Other chemical analysis cost items that are not included in the scenarios are the costs associated with Phase Ia remedial investigation, the daily sampling of surface waters, the quarterly sampling of groundwater monitoring wells, and the environmental and biological monitoring during the entire remediation period. The costs associated with the latter three activities were estimated to be $250,000, $88,000, and $335,000, respectively. The cost of intralaboratory QA and quality control samples is not included because this cost is normally embedded in the cost charged the client for each sample received by the laboratory. An estimate of potential cost savings during the post-remediation phase is not included.
The cost per sample and sample turnaround time information were obtained from discussions with John Lea, Jacobs Engineering.6 No attempt has been made to review the actual project cost data. $30 per sample for the on-site total mercury determinations using the static head space method, $30 per sample for the on-site total mercury determinations using the static head space method yielding a CLP data package, $50 per sample for the off-site total mercury determinations using the static head space method to provide the QA check of the on-site lilboratory CLP results, $50 per sample for a second off-site laboratory to perform the laboratory QA check data, $50 per sample for an off-site laboratory to perform the total mercury analysis for waste acceptance, and $3 per sample for shipping samples to the off-site laboratory.
The sample turnaround times specified and achievlcd during the execution of the-remediation were 0 on-site laboratory field screening results, < 3 hours; 0 on-site laboratory CLP data package, 24 hours;
off-site laboratory performing the confirmatory QA check, 24 hours; and 0 off-site laboratory performing the laboratory QA check, 7 days.
Tables 6,7, and 8 reconstruct the costs for the first, second, and third scenarios, respectively.
The results in Tables 6 -8 suggest several conclu!;ions. First, the chemical analysis cost represented about 9.6% of the $7.1M cleanup cost. Second, the use of the on-site laboratory during the actual remdation saved about $38,000 (the difference between the total costs shown in Tables 6 and 7) , whch represents a 5.3% savings relative to the estimated cost of using an off-site laboratory (Table 7) , in direct chemical analysis cost. The use of an on-site laboratory during both the remehal investigation and cleanup phase could have saved as much as $443,000 (the difference between the total costs shown in Tables 6 and 8) or 65% of the actual analytical cost (estimated savings of $443,000 relative to the actual cost of $678,000). Other cost savings provided by the on-site laboratory are discussed in the following pages.
It is interesting to compare three of the actual cost items in Table 6 with estimates contained in the Feasibility Study and ROD reports These results are summarized in Table 9 . The difference between estimated and actual cost is $3,302,000, which is 66% of the difference between the estimated cleanup cost ($12.1 million, listed in Table 4 ) and the actual cleanup cost ($7.1 million). The differences between the estimated cost and the actually cost point out the difficulty of making estimates when dealing with changes in environmental regulations and changes in the competitive forces within the analyt~cal services market place. Clearly, steps were implemented to reduce the chemical analysis costs. Given the current state of development of field-deployable chemical laboratories and the regulatory acceptance of field screening methods, it is difficult to envision a means by whic:h the chemical analysis costs could have been reduced further. Additional reduction in the chemical analysis costs associated with environmental remediation requires the development of automated systems that meet the regulatory requirements and that can be deployed in the field. The value of an on-site laboratory capable of rapid data turnaround was discussed with John Lea.6 He stated that 24 hour sample results turnaround time is "worth its weight in gold." The cost fkctors that this capability addresses are c it eliminates sample shipping cost, it substantially reduces costs associated with the treatment and discharge of groundwater infiltration into the excavated areas anal the collected rainwater (The water becomes a hazardous waste that must be treated prior to disposal.), and it allows the remediation to proceed more quickly.
The impact of the on-site laboratory on the remediation work was reviewed by John Kubarewicz, Jacobs
Engineering.]' The basis for his analysis was the confirmatory sampling and analysis plan for LEFPC. Without the near-real-time field analysis, either the remediation contractor would have had to cover the excavated areas to prevent rainwater from contacting the open areas, or the rainwater that collected in the excavated pits would have had to be pumped out imd treated. Mr. Kubarewicz's analysis indicates the project schedule impact would have been 1 hour per day, or 12.5% longer project duration. Based on the $7.1 million remediation cost, the additional project duration would have cost an additional $0.89 million.
CONCLUSIONS
The LEFPC remediation project involved eliminating the potential human health hazard associated with the inadvertent ingestion of soils from the 100 year floodplain. Mercury was the only constituent of concern. Approximately 44,760 yd3 of contaminated soil was excavated and dsposed of in an approved landfill. The excavated areas were backfilled with clean soil to restore the on@ land contours, and the surfixe revegetated. The EPA-accepted, best demonstratal available technology for thls cleanup involved thermal treatment of the soil to remove the mercury and use of the treated soil as backfill; t h s option was not selected for the cleanup because the fill scale effectiveness and implementability of the process had not been proved.
An on-site laboratory was used during execution of the cleanup. The cost savings that the on-site laboratory provided fall into two categories:
direct reduction of costs associated with chemical analysis and sample shipment totaling approximately $38,000, which represents a 5.3% savings relative to the estimated cost of using an off-site laboratory, and 0 savings in the amount of $890,000 (12.5% of the $7.1M cleanup cost), associated with expediting execution of the cleanup work by providmg rapid (<3 hours) sample result turnaround time.
Given the current state of the art of field-deployab le chemical laboratories and the regulatory acceptance of field screening methods, project management coulld not have achieved any ad&tional cost s a w s .
The study indicates that the availability of automaled chemical analysis systems that meet regulatory requirements and that can be deployed in the field (e.g., CAA-type technology) could have provided an additional savings of $443,000 (the difference between the total cost shown in Tables 6 and 8 ). The study also indicates that the total savings, that automated field deployable analysis systems would have provided, compared with the conventional approach of sending all samples to an off-site laboratory, was about $1.3 million (the sum of estimated savings provided by full field deployment of automated analysis systems, John Kubarewicz, Jacobs Engineering, personal co~nmunication to L. N. matt, April 29, 1997. $443,000, and by expediting the cleanup, $890,000), which represents a 18% savings of the $7.1M cleanup cost.
The manner in which the analytical chemistry services were procured by the LEFPC project suggests several important development considerations for the U. S . Department of Energy's Chemical Analysis Automation project. First, because the largest cost saving is associated with expediting the actual cleanup work, the automated chemical analysis systems must be site deployable and must provide rapid sample result analysis turnaround times commensurate with the specific cleanup work activities; generally, this would be less than 24 hours. Second, the performance of the automated analysis systems must meet the relevant state and federal regulatory requirements. Third, the automation system must be flexible and adaptable to facilitate the introduction of new chemical analysis methodology. Fourth, the automation technology must be robust and reliable. Finally, the automated systems must be implemented in a manner acceptable to the environmental remdiation business. The results from a recent technology demonstration show that CAA project has addressed each of the items.I2 
